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LXX.  Observations on the Lines of  the Solar Spectrum, and 
on those produced by the Earth's Atmosphere, and bJt the 
Action of  Nitrous Acid Gas. By Sir DAVID BREWSTER, 
K.H., V.P.R.S.Ed. ~ 

I N a paper on the Monochromatie lamp, &c., read before 
the Royal Society of Edinburgh on the 15th April 18~2, 

and published in their Transactions, I recorded some of my 
earliest experiments on the action of coloured media on the 
solar spectrum. These experiments were continued at irre- 
gular intervals, with the view of obtaining distinguishing cha- 
raeters of coloured media, of investigating the cause of the 
colours of natural bodies, and of examining more correctly 
the phamomena of the overlapping colours of equal refrangi- 
bility, which I had announced in the paper already referred 
to. The results to which I was conducted on the two last of 
these subjects have been already published, in two papers, one 
on the analysis of solar light, and the other on the colours of 
natural bodies. 

The first and the principal object of my inquiries, namely, 
the discovery of a general principle of chemical analysis, in 
which simple and compound bodies might be characterized 
by their action on definite parts of the spectrum, still re- 
mained to be pursued. The coloured juices of plants--arti- 
ficial salts and their solutions, and various glasses and mi- 
nerals-had afforded me many beautiful examples of this 
species of action; and after determining the locality of these 
actions in reference to Fraunhofer's principal lines, and their 
intensity, as depending on the thickness of the absorbing me- 
dium and the brightness of the spectrum, I was able to di- 
stinguish all such compounds, by merely looking through 
them at a well-formed spectrum. Even in those cases where 
the eye could recognise no difference between the colours of 
two substances that exercised different specific actions upon 
light, their discrimination was instantly effected by viewing 
them through a standard coloured medium. 

As some of these bodies attacked the spectrum at two, 
three, four, and even .five or more points at once, it became 
probable that the number and intensity of such actions de- 
pended on the number and nature of the elements which en- 
tered into the composition of the body, or, what is nearly the 
same thing, that it was the sum of all the separate actions of 
such elements; and hence the next step in the inquiry was, 
to determine the action of e]ementary bodies on the solar 
spectrum. This inquiry was not limited to coloured bodies, 

From the Transactions of the Royal Society of Edinburgh, corrected. 
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Six David Brewster on the Lines of the Solar Spectrum. 386 

for it is quite possible that a body may transmit light perthctly 
white, and yet exercise a definite action in absorbing various 
parts of the spectrum. Tile only physical condition which 
is necessary ill this case is, that the sum of all the rays thus 
absorbed, shall constitute white light. 

The first substances which I examined were sulphur and 
iodine vapour. Tile sulphur attacked the violet end of the 
spectrum with great force, and, when combined with arsenic, 
in the form of native orpiment, its absorptive power tbr the 
same colours was greatly increased. Even with the thinnest 
film that I could detach, and not exceeding the two-hundredth 
part of an inch, the spectrmn was, as it were, cut sharply in 
two near the boundary of the green and indigo spaces, and 
this body possessed the very uncommon property of having 
nearly the same colour at small as at great thicknesses. By 
increasing the thickness, the absorption advances almost im- 
perceptibly from the remaining blue border, and if the trans- 
parency continued, the transmitted light would certainly be- 
come red at great thicknesses,--a property which may be 
communicated transiently to the thinnest plates, merely by an 
increase of temperature. 

The iodine vapour acted powerfully upon the middle of the 
spectrum, and, by an increase of thickness, gradually extended 
its absorption towards both extremities; but more rapidly to- 
wards the violet one, so as to show that the final colour must 
be a homogeneous red *. 

In so far as these two experiments went, they were highly 
favourable to the speculation which had at first presented it- 
self to me. My attention was now directed to the action of 
gaseous bodies, and the first trial which I made was with 
nitrou~acid gast. The result of this experiment completely 
destroyed the hypothesis which had appeared so plausible, 
and presented me with a phmnomenon so extraordinary in its 
aspect,--bearing so strongly on the rival theories of l igh t ,~  
extending so widely the resources of the practical optician, 
and lying so close to the root of atomical science, that I am 
persuaded it will open up a field of research, which will ex- 
haust the labours of philosophers for centuries to come. 

The spectrum of Newton, and of all the philosophers of 
the 18th century, was a parallelogram of light, with circular 
ends, in which the seven colours gradually shaded into each 
other without any interruption. The illumination was a maxi- 
mum in the yellow rays, and the light decayed by insensible 

* [See Lond. andEdinb. Phil. Mag., vol. ii. p. 362.] 
t [See Lond. and Edinb. Phil. Mag., vol. ii. p. 381,] 

TMrd Series. Vol. 8, No. ¢8. May 1836. ~ R 
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~86 Sir David Brewster ou the Lines of  the Solar Spectrum, 

degrees towards the red and the violet extremities. In the 
year 1808, Dr.Wollaston conceived the happy idea of examin- 
ing a beam of" light, that passed through an aperture only 
the twentieth of an inch wide, anti he was surprised to see it 
crossed by seven dark lines, perpemticular to its length. 

About ten or twelve years afterwards, the celebrated op- 
tician Joseph Fraunhot~r, without knowing what had been 
done by Dr.Wollaston, observed the spectrum tbrmed by the 
sun's light transmitted through small apertures; and by ap- 
plying a telescope behind tile prism, he discovered about 600 
parallel clark lines traversing the spectrum. As no such lines 
appeared in the spectra of white flames, Fraunhofer considered 
them as having their origin in the nature of the light of tile 
sun. The strongest of these lines were seen in the spectra of 
the Moon, Mars, "rod Veuus, and, by means of very fine in- 
struments, he was able to detect one or two of them with 
other new lines in the spectra of Sirius and Castor. 

Such was the state of the subject, when I made the experi- 
ment already referred to on nitrous acid gas. Upon examin- 
ing with a fine prism of rock-salt, with the largest possible 
refracting angle, (nearly 78°,) the light of a lamp transmitted 
through a small thickness of the gas, whose colour was a very 
pale straw yellow, I was surprised to observe the-spectrum 
crossed with hundreds of lines or bands, far more distinct 
than those of the solar spectrum. Tile lines were sharpest 
and darkest in the violet and blue spaces, fainter in the green, 
and extremely titint in the yellow and red spaces. Upon in- 
creasing, however, the thickness of the gas, the lines grew 
more and more distinct in the yellow and red spaces, and be- 
came broader in the blue and violet, a general absorption ad- 
vancing from the violet extremity, while a specific absorption 
was advancing on each side of the fixed lines in the spectrum. 
It  was not easy to obtain a sufficient thickness of gas to de- 
velop the lines at the red extremity, but I found that heat 
produced the same absorptive power as increase of thickness, 
and, by bringing a tube containing a thickness of half an inch 
of gas to a high temperature, I was able to render every line 
and band in the red rays distinctly visible. 

The  power of heat alone to render a gas, which is almost 
colourless, as red as blood without decomposing it, is in it- 
self a most singular result; and m:y surprise was greatly in- 
creased when 1 afterwards succeeded in rendering the same 
pale nitrous acid gas so absolutely black b~¢ heat, that not a ra~ 
off'the brightest summer's sun was capable of penetrating it. In 
making this experiment, the tubes frequently exploded, but, 
by using a mask of mica, and thick gloves, and placing the 
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and on those produced by the Earlh's .~tmosphere, ~yc. 387 

tubes in cylinders of tinned iron with narrow slits to admit 
the light, there is little danger of any serious accident. 

When the gas is in the liquid state, it produces none of the 
fixed lines which I have described, and exercises no other 
action upon the spectrum than any ordinary fluid of the same 
orange colour. 

In examining the structure of the solar spectrum, Fraunho- 
fer seems to have put forth all his strength in determining 
the position of the principal lines, A, B, C, D, E, b, F, G and 
H * ,  which he had selected as equidistant as possible, for the 
purpose of measuring their angular distances in different 
media, and thus obtaining the most accurate data for the con- 
struetion of the achromatic telescope. These measures he 
has given with the greatest exactness for various k inds  of 
crown and flint glass and for a few fluids, and he has thus put 
it into the power of the practical optician to construct achro- 
matic object-glasses, with a degree of certainty and perfection 
hitherto unknown. 

This method, however, notwithstanding its high value, is 
not easily applicable in practice, and ti'om the nice observa- 
tions which it involves, we have reason to believe that it has 
not been used by any other artist than Fraunhofer himself. 
The  diffeuhy of procuring out of the mass of glass to be em- 
ployed, prisms sufficiently pure to show such narrow lines as 
E, or the two which constitute D-l-,--of obtaining the sun 
when his light is wanted, and of observing and measuring the 
distances of the fixed lines in a spectrum constantly in motion, 
are insurmountable obstacles to the general adoption of so 
refined a method of measuring dispersive powers. 

From all these difficulties, the discovery of lines in the ni- 
trous acid gas spectrum completely relieves us. As the lines 
whose distances are required, may be made as broad and 
black as we please, prisms of ordinzry purity are suffeient to 
exhibit them in perfect distinetness. The  artificial light of a 
lamp can be commanded at any hour, and as its rays are ab- 
solutely fixed, the least experienced observer can have no d~f- 
fieulty in measuring the distances of the fixed lines, and thus 
obtaining, with extreme accuracy, all the data for the con- 
struction of achromatic instruments. 

But it is not merely to this practical purpose that the 
gaseous lines are singularly applicable. Among the various 
solids and fluids in nature, there are very ti~w sufficiently pure 
and transparent, to enable us to see through them the lines o f  

* Six of these, viz. B, D, b, F, G, and H, were discovered by Dr.Wollaston. 
+ These lines are also the most important, as the most luminous part of 

the ~pectrum lies between them. 
2 R 2  
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S88 Sir David Brewster on the Lines of the Solar Spectrum, 

the solar spectrum, so as to enable us to measure their refrac- 
tive and dispersive powers with minute accuracy, whereas the 
gaseous lines can be rendered visible, however imperfectly the 
spectrum may be formed, In determining the various ele- 
ments of double refraction and polarization, and in all optical 
researches where the phamomena vary with the refrangibility 
of the rays, the gaseous lines will hereafter perform a most 
important part. 

Had the solar lines been much broader than they are, we 
might have been able, by means of minute thermometers, to 
have ascertained the temperature of all those parts of the 
spectrum where there was no light, and thus to have deter- 
mined whether or not the rays of light and heat are separate 
and independent emanations. The  ph~enomena of the nitrous 
acid gas spectrum, the lines of which can be widened at plea- 
sure, enabZe us to perform this and other interesting experi- 
ments, and thus to decide many important questions in the 
theory of radiant matter. 

From the various experiments which I had made on the ab- 
sorptive action of coloured media, I was led to a general prin- 
ciple, which, in that stage of the inquiry, appeared to possess 
considerable importance. The  points of maximum absorption 
exhibited a distinct coincidence with some of the principal 
dark lines in the solar spectrum, and thus indicated that these 
lines marked, as it were, weak points of the spectrum, on 
which the elements of material bodies, whether they existed 
in the solar atmosphere or in coloured solids and fluids, ex- 
ercised a particnlar influence. These actions, however, were 
so indefinite, that, with the exception of the oxalate of chro- 
mium and potash ~, a salt of  most remarkable properties, they 
never appeared in the form of lines or distinct bands. The  
light which was left shaded into the dark spaces, and there- 
fore, notwithstanding the general coincidence which I had 
observed, the ph~enomena of ordinary absorption could not be 
identified with those of the definite actions by which the solar 
lines are produced. 

This point of similarity, however, led me to institute a di- 
ll.gent comparison between the solar lines and those of the 
nitrous acid gas spectrum; and it did not require many ex- 
periments to prove, that there existed between these two 
classes of ph0enomena a most remarkable coincidence. In 
order to afford ocular demonstration of this fact, I formed 
the solar and the gaseous spectrum with light passing through 
the same aperture, so that the lines in the one stood opposite 

* [See Load. and Edinb. Phil. Mng., vol. ii. p. 36~ ; and vol. vii. p. 436.] 
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and on those produced @ the Earth's Atmosphere, $c. S89 

those on the other, like the divisions in the vernier and the 
limb of a circle, and their coincidence or non-coincidence 
became a matter of simple observation. [ then superimposed 
the two spectra, when they were both formed by solar light, 
and thus exhibited at once the two series of lines, with all 
their coincidences, and all their apparent deviations from it. 
Professor Airy, to whom I showed this experiment, remarked, 
that he saw the one set of lines through the other, which is 
an accurate description of  a phmnomenon, perhaps one of the 
most splendid in physical optics, whether we consider it as 
appealing to the eye or to tile judgement. 

The  general coincidence, thus cognisable by the eye, re- 
quires to be more particularly explained. Though some of 
the larger lines in the gaseous spectrum coincide with some 
of tile larger ones in the solar spectrum, yet, in many cases, 
faint and narrow lines in the one coincided with strong and 
broad lines in the other; and there were some strong gaseous 
lines, and even broad bands, to which I could discover no 
counterpart in Fraunhofer's map of the spectrum, which, at 
this stage of my inquiry, was the standard to which I appealed. 
This discrepancy at first embarrassed me, and, as I observed 
it in parts of the spectrum where Fraunhofer had laid down 
every line which he had seen with his finest instruments, I 
abandoned all hopes of being able to establish the general 
principle of their identity. I was therefore obliged either to 
renounce this principle as one contradicted, or rather not con- 
firmed by observation, or to consider Fraunhofer's delinea- 
tion as in fault, and to enter upon the Herculean task of 
making a better map of the spectrum. 

The  magnificence of Fraunhofer's instruments,~the means 
of  nice observation which he had at his command,~and  his 
great skill as an observer, were considerations which long de- 
terred me fi'om even attempting to repeat his examination of  
the spectrum. Possessing such inferior means, and situated 
in so unfavourable a climate, I should have felt the attempt 
as presumptuous; but in the comparison which I had already 
made of the gaseous and solar lines, I had detected grave 
errors, and inexplicable omissions, in Fraunhofer's map, and 
was disposed even to adopt the suggestion of Mr. H.  F. Tal- 
bot, (to whom I mentioned the ~tct, and who had the same 
confidence that I had in Fraunhofer's accuracy,) that a change 
might have taken place in the light of the sun itself, and that 
the delineation of the Bavarian philosopher might have been 
perfectly accurate at the time when it was executed. This  
supposition, however, became less and less tenable as I pro- 
ceeded in the identification of the two classes of lines; but 
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390 Sir David Brewster on the Lines of the Solar Specttmm, 

even if it had been otherwise, it would have added a still more 
powerfill motive, while it afforded the best apology for under- 
taking a new delineation of the spectrum. 

The apparatus which I had at my command for this inves- 
tigation were two very fine rock-salt prisms, executed by nay- 
self; a large hollow prism made of plates of parallel glass for 
holding fluids; a fine plate glass prism, by Fraunhofer, and 
which I owe to the kindness-of Mr. Talbot ; a copious supply 
ofoil  of cassia and oil of cinnamon, which Mr. George Swin- 
ton transmitted to me from Bengal with his usual liberality ; a 
good achromatic telescope~ by Berge; and an excellent wire 
micrometer by Troughton. To this apparatus Mr. Robison 
made two important additions, which he executed with his 
own hands, the one a brass stand with a variable aperture for 
admitting the incident light, and the other a stage for holding 
and" adjusting tile prisms in front of ttle object glass; and I 
have recently been favoured by Sir James South with the 
use of his fine five-feet achromatic telescope, executed by 
Dollond. 

After a little practice in the observation of the solar spec- 
trum, I discovered most of the lines, which I had in vain 
sought for, in Fraunhofer's map, as the counterpart of those 
in the gaseous spectrum. I saw well-marked groups, of which 
he had only given one of the lines, and shaded bands, and 
well-defined lines, which his methods of observation had not 
permitted him to discover. After I had laid down all the 
principal features in the spectrum, I was able to examine the 
two classes of lines part passu. The action of the gas upon 
invisible lines in the spectrum rendered them visible by slightly 
enlarging them, and this enlargement of a solar line indi- 
cated the existence of a corresponding line in the gaseous 
spectrum. 

By this double process, and by methods of observation 
which I believe have never before been used in optical re- 
searches, I have been able to execute three different maps of 
the spectrum;jTrst, a map of the lines in the solar spectrutn ; 
secondlff, a map of the same spectrum, exhibiting at the same 
time the action of nitrous acid gas upon solar light, previously 
deprived of a number of its definite rays ; and, thirdly, a map 
showing the action of the gas upon a continnous and uninter- 
rupted spectrum of artificial white light. The general scale 
of these delineations is four times greater than that of Fraun- 
borer, but some portions of them are drawn on a scale twelve 
times greater, which became necessary ti'om the impossibility 
of representing in narrower limits the numerous lines and 
bands which I have discovered. The length of Fraunhofer's 
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and on those produced by the JEarth's Atmosphere, $c. 391 

spectrum is 15{ inches. Mine, upon the same scale, is nearly 
17 inches. The  length of the general spectrum, which I have 
delineated, is aboutd~ve feet 8 inches, and the length of a 
spectrum, corresponding to the scale on which I have deline- 
nted parts of it, is seventeen feet. 

Fraunhofer has laid down in his map 354 lines, but in the 
delineations which I have executed, tile spectrum is divided 
into more than e000 visible and easily recognised portions, 
separated from each other by lines more or less marked, ac- 
cording as we use the simple solar spectrum, or the solar and 
gaseous spectrum combined, or the gaseous spectrum itself, in 
which any breadth can be given to the dark spaces. 

The  suggestion of Mr. Talbot induced me to watch nar- 
rowly the state of the defective solar lines at different seasons 
of the year, in order to observe if any change took place in 
tile combustion by which the sun's light is generated, or in the 
solar atmosphere through which it must pass. Such changes 
I have found to be very general in every species of terrestrial 
flame. The  definite yellow rays which exist in ahnost all 
white lights, flicker with a variable lustre ; and analogous rays 
in the green and blue spaces proceeding fi'om the bottom of 
the flame, exhibit tile same inconstancy of illumination. In 
the course of the winter observations, I observed distinct lines 
and bands in the red and green spaces, which at other times 
wholly disappeared; but a diligent comparison of  these ob- 
servations soon showed, that these lines and bands depended 
on the proximity of the sun to the horizon, and were produced 
by the absorptive action of the earth's atmosphere. I have no 
hesitation, therefore, in affirming, that during the period of 
my own observations, no change has t'lken place either in 
the dark lines or luminous bands of the solar spectrum; a 
result which seems to indicate, that the apparent body of 
the sun is not a flame in the ordinary sense of the word, 
hut a solid body raised by intense heat to a state of bril- 
liant incandescence. 

The  atmospheric lines, as they may be called, or those lines 
and bands whieh are absorbed by the elements of our atmo- 
sphere, have their distinctness a maximum, when the sun 
sinks beneath the horizon. Tile study of them, consequently, 
becomes exeeedingly difficult in a climate where this luminary, 
even in a serene day, almost always sets in clouds; but as I 
have availed myself of every filvourable moment for observa- 
tion, I have been able to execute a tolerably accurate delinea- 
tion of the atmospheric spectrum. 

It is a curious circumstance, that the atmosphere acts very 
powerfully round the line D, and on the space immediately on 
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$92 Sir David Brewster on the Lines of the Solar Spectrum. 

the least refrangible side of it. It develops a beautilhl line in 
the middle of the double line D, and by enlargi,g a group of 
small lines on the red skte of D, it creates a band almost as 
dark as the triple line D itself. It  widens generally all the 
lines, but especially the darkest one whieh I call m between 
C and D. It develops a band on the least refrangible side of 
m, and it acts especially upon several lines, and develops a se- 
parate band on the most refrangible side of C. The lines A, 
B, and C are greatly widened, and lines and bands are parti= 
cularly developed b~tween A and B, and generally through- 
out all the red space. 

Most of the lines thus widened by the atmosphere are faint 
lines previously existing in the spectrum, and I have no doubt 
that they would be seen in the spectrum of the lime ball light 
condensed by a polyzonal lens, and acted upon by thirty miles 
of atmosphere. 

Tbe absorptive action of the atmosphere shows itself in a 
less precise manner in the production of dark bands, whose 
limits are not distinctly defiuefl. A very remarkable narrow 
one, corresponding to one produced by the nitrous acid gas, 
is situated on the most refrangible side of C. Another very 
broad one lies on the most refrangible side of D, close to a 
sharp and broad band ofyellow light, displayed b.y the general 
absorption of the corresponding part of the super|reposed blue 
spectrum. There is also an imperfectly defined atmospheric 
action, corresponding to a group of lines where Dr. Wollas- 
ton placed his line C. 

This general description of the atmospheric lines, while it 
indicates the remarkable fact, that the same absorptive ele- 
ments which exist in nitrous acid gas exist also in the atmo- 
spheres of the sun and of the earth, leads us to anticipate 
very interesting results from the examination of the speetra of 
the planets. Fraunhofer had observed in the spectra of Venus 
and Mars, some of the principal lines of the solar spectrum. 
This, indeed, is a necessary consequence of their being illu- 
minated by the sun, for no change which the light of that 
lumi,ary can undergo, is capable of replacing the rays which 
i t  has lost. But while we must find in the spectra of the pla- 
nets and their satellites, all the defective lines in the solar 
spectrum, we may confidently look for others arising from tim 
double transit of the sun's light throngh the atmospheres 
which surround them. 

Allerly, April IB, 1833. 
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